Investigators in the field of aerobiology who are concerned with determining bacterial survival under various environmental stresses, find it necessary to distinguish between the loss of viable bacteria from aerosols due to biological decay (death) as opposed to physical decay due to such factors as unrestricted diffusion, impaction on available surfaces, and fall-out. The distinction is important, for example, in assessing the effects of air sterilization mechanisms or in simple evaluations of microbial response to controlled conditions of temperature and relative humidity.
The usual viable cell assay of samples taken at intervals during the life of an aerosol are used to estimate a decay rate which represents the total of the physical and biological components. To derive the biological decay rate from this parameter it is necessary to determine the physical component. This may be accomplished by total cell assessment from the aerosol samples or by some indirect measure provided that the latter is associated with the same particle size distribution as the test organisms.
Attempts to determine the total cell numbers in an aerosol sample directly must rely upon laborious microscopic examination which is hindered by the presence of debris and which is still more difficult when the organism under test is of small size.
The use of cells tagged intracellularly with p32 has been described by Harper, Hood, and Morton, 1958 . This technique offers the most realistic approach to the estimate of physical decay of the microorganisms but has the disadvantage that the preparation of intracellularly tagged cells is tedious and time consuming. Two additional methods for determining the physical decay rate of aerosols will be reported and their advantages discussed in this paper. The methods include the use of bacterial spores and radioactive S35. In both cases the tracer material is added directly to the bacterial suspension. Ray (1959) . Spray nozzles were employed to produce aerosols in these units.
MATERIALS AND METHODS

Cultures
Sampling. Aerosol samples were collected by means of all glass impingers (AGI), described previously by Tyler and Shipe (1959) . To these were attached preimpingers which in general collect particles greater than 5 ,u and allow particles less than 5 ,u to pass into the AGI (May and Druett, 1953 Aerosol compatability. Cultures of S. marcescens at a concentration of 20 X 109 cells per ml were mixed with B. subtilis spores at three concentrations and disseminated into a 200,000-L test vessel. Table 2 presents the aerosol per cent recoveries at 2-and 30-min cloud age, and the decay rates of S. marcescens for the particle size range less than 5 ,u diameter and greater than 5 ,u diameter. Levels of recovery in the smaller size range decreased significantly as tracer concentration increased. This same effect was also evident for the re- by Harper et al. (1958) . These dead, fixed cells were then added to a P. tularensis culture similar to those described earlier. The mixture was aerosolized and decay rates were determined from the p32 recoveries in particles less than 5 ,u diameter. In this instance there was no doubt that the isotope was distributed throughout the aerosol in the same manner as the test organisms. The results are presented in table 5 along with the decay rates obtained with S. marcescens with 2 X 109 per ml spore tracer, P. tularensis with 1 X 109 per ml spore tracer, and P. tularensis with 0.014 mc per ml S35 tracer.
The primary point of interest was the similarity of the physical decay rates of spores and S35 to that of tagged cells. Normal experimental errors can account for the differences among these values.
It was not expected that total decay rates or biological decay rates would be similar among tests. In choosing between S35 and spores one must consider not only the factors discussed previously but also the relative sensitivities which can be obtained. In these studies the spores were employed at a concentration of 2 X 109 per ml. The quantity of S35 employed (1.014 mc per ml) yielded counts in the mixtures of about 1.55 X 107 per min per ml. Since the minimal count in our studies, after adjustment for normal background radiation, was chosen to be 50 cpm per ml, whereas the minimal bacterial count is 150 organisms per ml (plating 0.2 ml), the relative sensitivity difference was about 48: 1 in favor of the spore method. However, different safety concepts could alter this relationship to a considerable degree in either direction. Also, of course, it is entirely feasible to concentrate the S35 by evaporation of the entire sampler contents (20 ml). This would, in our tests, have resulted in a 20-fold increase in S35 count.
It should be mentioned that experimental errors as determined by trial to trial differences were found to be similar for both S35 and spores. It was also found that the time lapse between sample collection and completion of assay was about the same for each type of tracer.
SUMMARY
Procedures for estimating physical decay rates in aerosols were developed employing Bacillus subtilis var. niger spores and radioactive S35 as physical tracers in intimate mix with the test organism. It was determined that viability of Serratia marcescens and Pasteurella tularensis was not affected by intimate contact with the tracers at 4 C for 24 hr. Similarly, the aerosol characteristics of these organisms were not affected by the presence of appropriate concentrations of tracer materials. The spores do in fact undergo physical decay only, as evidenced by the lack of vegetative forms in aerosol samples. Both B. subtilis spores and S35 resulted in decay rate estimates similar to the physical decay estimated from P32 intracellular tracer.
